INTRODUCTION
Previous studies on the mechanisms of protective immunity in infection with intestinal nematode parasites have demonstrated that CD4
T helper (Th) cells play a central role in host defence (Grencis 1997 , Else & Finkelman 1998 . CD4
Th cells can be divided into two basic subsets, Th1 and Th2, based on their cytokine secretion pro®le (Mossman & Subach 1996) . Th1 cells predominantly produce IL-2 and IFN-g whilst Th2 cells secrete mainly IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13. Infection with nematode parasite typically induce Th2 type response which contribute to the expulsion of worms (Grencis 1997 , Finkelman et al. 1999 . Although IL-4 has been considered to play the key role in the host's protective immunity against intestinal nematode, recent studies also demonstrated the importance of another related cytokine, IL-13 in Th2 development and host protection against nematode infections (Finkelman et al. 1999) . The interaction between each cytokine and its receptor leads to activation of signalling molecules including signal transducer and activator of transcription (Stat) proteins (Nelms et al. 1999) . Stat6 is activated by both IL-4 and IL-13 and is essential in Th2 development whereas Stat4 is activated by IL-12 and important for Th1 type response. Recently, an important role for Stat6 has been reported in protective immunity in mice infected with intestinal nematode, Trichinella spirlis (Urban et al. 2000) .
Infection of mice with T. spiralis is characterized by Th cells mediated mucosal changes which include goblet cell hyperplasia (Garside et al. 1992 , Ishikawa et al. 1997 . Goblet cells reside throughout the small and large intestine and are the main source of mucins in the gut (Specian & Oliver 1991) . Mucins from goblet cells may play an important role in the trapping and removal of intestinal nematodes from the gut (Miller 1987) . CD4
T cells mediated quantitative changes in mucus (Khan et al. 1995) and qualitative changes in the terminal sugars of goblet cell mucins (Ishikawa et al. 1993) have also been observed during N. brasiliensis infection in mice and rats, respectively, and have been suggested to play a role in worm expulsion process. However, the precise role of the goblet cells in host protective immunity or the precise mechanism regulating the differentiation/ proliferation of these cells remain to be determined.
In the present study, we investigated the intestinal goblet cells in T. spiralis infected Stat6 de®cient (Stat6 À/À) and wild-type littermates (Stat6 /) mice with a view to elucidate the role of Stat6 signalling in the development of goblet cells in gut. Our study clearly demonstrates that Stat6 plays an important role in the development of goblet cell hyperplasia during T. spiralis infection.
MATERIALS AND METHODS
Stat6 À/À mice on C57BL/6 background were originally produced by gene mutation as described by Takeda et al. (1996) . Breeding pairs of Stat6 À/À mice and their wildtype littermates were obtained from the John Curtin School of Medical Research, Australian National University, Canberra, Australia and were kept and bred under speci®c pathogen free (SPF) conditions at the animal facilities of McMaster University, Hamilton, Ontario, Canada and only the male mice were used at the age of 8±10 weeks.
The techniques used for maintenance and infection of T. spiralis have been described previously (Vallance et al. 1997) . Adult worms were recovered from mice after the intestine was opened longitudinally, rinsed and placed in HBSS for 3 h at 378C and were counted under a dissecting microscope.
A piece of small intestine approximately 1 cm in length was taken at about 10 cm from the pyloric sphincter, ®xed in Carnoy's ®xative, and processed using standard histological techniques. The sections were stained with periodic acidShiff reaction for counting goblet cells or with lectin by the method reported before (Ishikawa et al. 1993) for characterizing terminal sugar of mucins. Helix pomatia agglutinin (HPA) was used for recognizing terminal N-acetyl-Dgalactosamine (GalNAc) of mucins. Numbers of goblet cells were expressed per 10 villus crypt unit (VCU).
To investigate cytokine production, single-cell suspensions of mesenteric lymph node (MLN) or spleen were prepared in RPMI 1640 containing 10% FCS, 5 mM L-glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin, 25 mM Hepes, 0´05 mM 2-ME. Cells ( 1´10 7) were incubated in the presence of Con A (5 mg/ml). Culture supernatants were harvested after 24 h and stored at À208C until analysed. IL-4 and IL-13 concentrations in the culture supernatant were measured by enzyme immunoassay technique using commercially available ELISA kits purchased from R&D Systems (Minneapolis, MN, USA).
Probability of signi®cant difference between groups (P < 0´05) was determined by the Mann±Whitney U-test.
RESULTS
First we investigated the worm recovery from Stat6 / and Stat6 À/À mice after T. spiralis infection. Figure 1(a) shows that although almost all worms were expelled from The number of PAS reactive intestinal goblet cells increased in Stat6 / mice on days 7, 14 and 21 after T. spiralis infection. We observed a signi®cantly higher number of goblet cells in infected Stat6 / mice on days 14 and 21 p.i compared to that in noninfected Stat6 / mice. However, there was no signi®cant increase in the number of goblet cells in Stat6 À/À mice following infection. There was signi®cantly lower number of goblet cells in infected Stat6 À/À mice on days 14 and 21 p.i compared to that in infected Stat6 / mice (Figure 2 ). We also investigated the possible role of Stat6 on terminal sugars in mucins in T. spiralis infection in mice. GalNAc recognized by HPA was observed in mucins of all mice regardless of infection. However, we observed lower number of HPA reactive goblet cells in Stat6 À/À mice following the infection compared to that in Stat6 / mice. 
DISCUSSION
Our data illustrate that Stat6 signalling is important in the development of intestinal goblet cell hyperplasia and worm expulsion in T. spiralis infection. Goblet cells are exocrine cells of the intestinal epithelium and are specialized in mucin exocytosis. After secretion, mucins hydrate to form a viscous gel that forms a major barrier between intestinal contents and underlying mucosa. Hyperplasia of mucin secreting goblet cells has been described in number of nematode infections including T. spiralis (Rothwell 1989) . In addition, an association between altered goblet cell activity and some human diseases such as ulcerative colitis and colon carcinoma has also been reported (Boland et al. 1982 , Podolosky & Isselbacher 1983 . Recently, a critical role for Stat6 has been reported in allergen-induced airway hyperresponsiveness and mucus production (Kuperman et al. 1998) . Nevertheless, little is known about the mechanism that regulates goblet cell proliferation/differentiation in the gut. In this study, we demonstrate for the ®rst time that Stat6 signalling pathway is important for development of goblet cell hyperplasia during nematode infection. Recently, it has been reported that IL-13 de®cient mice infected with N. brasiliensis did not exhibit goblet cell hyperplasia which normally occurs in this infection (McKenzie et al. 1998) . The present data support that observation and further extend our understanding of the mechanism involved in goblet cell development. It seems likely that Th2 cytokines like IL-4 and IL-13 regulate goblet cell hyperplasia in the gut during nematode infection via the Stat6 signalling pathway.
A correlation between alteration of terminal sugars of goblet cell mucins and the worm expulsion of N. brasiliensis has been recently discussed in rats. Goblet cell mucins in normal rats expressed almost no terminal GalNAc whereas intense expression of GalNAc in mucins was well associated with the expulsion of this nematode (Ishikawa et al. 1993) . In this study, we observed intense expression of GalNAc in both Stat6 À/À and Stat6 / mice regardless of infection. Nevertheless, the number of cells expressing GalNAc was signi®cantly lower in infected Stat6 À/À mice compared to that in infected Stat6 / mice. In addition, Stat6 À/À mice exhibited severe impairment in their ability to produce IL-4 and IL-13 and to expel the parasites from the gut. Taken together, the results from the present study support a role for Stat6 activation in the development of goblet cell hyperplasia and host protective immunity during T. spiralis infection.
